Placebo group improvement in trials of pharmacotherapies for alcohol use disorders: A multivariate meta-analysis examining change over time Establishing the efficacy of pharmacotherapies typically involves a series of double-blind, controlled trials in which participants are randomized to a medication or a placebo (control) group. The treatment group receives the active medication while the placebo group is administered an inactive substance that otherwise mimics the medication and its administration.
Including a placebo control group accounts for the effects of time (i.e., natural reduction or regression in symptoms over time), regression to the mean from measurement error, and the meaning connected with taking a (potential) medication.
Previous research has shown that the meaning associated with treatment and the treatment context, such as a doctor's attire (e.g., white coat) and administration of an intervention purported to heal (whether or not it contains the active ingredient), can influence outcomes 1 . Such study features can impact participants' hope, beliefs and expectations of getting better 2, 3 . These effects are subsumed under such terms as the "placebo effect," "meaning response," or "placebo response." In the context of this paper, which focuses on pharmacotherapy trials for alcohol use disorders, such effects are included in the improvement made between baseline and end-oftreatment in the placebo control groups in clinical trials. Substantial placebo group improvement, and increasing placebo group improvement over time, may be responsible for the relatively small positive effects found in meta-analyses for pharmacological treatments for alcohol use disorders, such as naltrexone and acamprosate [4] [5] [6] [7] , and the decline in such effects over time (e.g., Feinn & Kranzler 8 ).
Controversy Regarding the Placebo Response
The most interesting component of placebo group improvement, the placebo response, has a controversial history, with some researchers (e.g., Hróbjartsson & Gotzsche 9 ) claiming it is mostly irrelevant in affecting outcomes, and others (e.g., Wampold et al. 3 ) deeming it to have a "powerful" influence on outcomes across several types of treatments. Specifically, Hróbjartsson and Gotzsche 9 conducted a meta-analysis of trials of pharmacological and psychosocial interventions for several medical and psychiatric conditions that, in addition to a treatment group, contained both placebo and no-treatment groups. They found an overall mean placebo effect (outcome difference between placebo and no-treatment groups) close to zero, indicating a virtually nonexistent placebo response. The only exception was in pain studies in which a small but significant placebo effect was found.
In contrast, Wampold et al. 3 reanalyzed the studies reviewed by Hróbjartsson and Gotzsche. They found that when the research design was appropriate (i.e., the treatment was indistinguishable from placebo and participants were aware of receiving some form of treatment) and the disorder was amenable to placebos (e.g., insomnia, pain, depression, and other conditions that have psychological components that are expected to be affected by patient expectations versus such conditions as a bacterial infection or anemia that are unlikely to be affected by patient expectations), the placebo response was robust [10] [11] [12] [13] .
Is Improvement in Placebo Groups Increasing Over Time?
The placebo response and broader placebo group improvement have remained topics of considerable interest in more recent research and in the popular media 14, 15 . Interestingly, researchers are finding that placebo group improvement has been increasing over time across several pharmacological treatment areas, including medications for schizophrenia (Kemp et al. 16 ) and depression 17 . We examine whether year of publication is a moderator of the magnitude of placebo group improvement in alcohol medication trials, with the hypothesis that placebo group improvement is larger in more recent studies.
Increasing Placebo Group Improvement and Moderators of Placebo Group Improvement
Although the mechanisms underlying placebo group improvement and increasing placebo group improvement over time are not well understood, several explanations have been proposed.
Marketing exposure. Perhaps the most interesting predictor (moderator) was offered by one author in the popular press who speculated that more intensive marketing and advertisements for pharmacotherapies may lead to an increasing placebo response over time 14 . Consumers in the United States have been exposed to progressively more media advertisements for prescription medications since the FDA amended its direct-to-consumer advertising in 1997. The messages claim positive outcomes for medications in treating a wide range of conditions. Potentially, these advertisements could induce an expectancy response and influence medication trial outcomes by generating an inflated placebo response.
This marketing exposure hypothesis is plausible because meaning-making is heavily influenced by cultural norms, ideas, symbols, and expectations 1, 3 . Meaning is the driving force behind hope and expectation, and these psychological factors are central concepts in the theory of the placebo response 2 . Therefore, greater exposure over time to messages about the efficacy of medications should increase both individual consumers' beliefs and expectations, as well as cultural norms and ideas about the efficacy of medications 3 . One approach to testing this hypothesis is to examine the location (country) where a medication trial is conducted. One would expect the placebo response to be stronger in a country, such as the USA, with direct-toconsumer advertising compared to other countries where direct-to-consumer advertising is illegal.
In fact, a stronger placebo response has been reported for pharmacotherapy trial sites within the USA versus sites outside the USA in at least one review 16 .
Source and type of outcome data. Kemp et al. 16 hypothesized that the increasing trend over time in placebo group improvement in schizophrenia medication trials may be related to the increasing use of less reliable, subjective reports of outcomes. Self-reported outcomes, especially those involving ratings of internal states rather than behavior, should be influenced more by individuals' hope, beliefs and expectations more than are self-reports of more objective behaviors and outcomes assessed by more objective means than self-report. However, the empirical evidence is mixed. For example, Hróbjartsson and Gotzsche 9 found that self-reported (subjective) outcome measures had larger improvement effect sizes than objective measures (e.g., those completed by an external rater) and that improvement on subjective pain outcomes differed significantly from zero. However, Wampold et al. 3 found no differences by source/type of outcome data.
Number of placebo administrations. The number of placebo administrations has been found in previous research to be positively correlated with improvement on outcome variables 18, 19 . More placebo administrations may increase patient expectations for improvement, which then results in better outcomes. If the number of placebo administrations in alcohol trials has been increasing over time, it could also account for hypothesized trends of increasing placebo group improvement.
Severity of illness.
Patient symptom severity has been proposed to play a role in placebo group improvement, as some authors note greater placebo group improvement may simply reflect greater regression to the mean in studies with greater baseline patient severity 11, 20 . Thus, a trend toward more placebo group improvement over time may be related to changes in trial inclusion criteria that have increasingly admitted patients with greater severity 16, 17 . Rief et al. 17 note that severity cut-off scores for anti-depressant study inclusion have increased over time and, for investigators to obtain a sufficient number of participants, they may initially overestimate patient severity for selection into the trial. Given regression to the mean, this exaggeration of patient baseline symptom severity will inevitably result in lower scores on symptom measures upon reassessment. However, in the review by Reif et al. 17 , even after controlling for diagnosis and severity of depression, the year of study publication remained a significant predictor of outcome.
We will examine whether severity accounts for placebo group improvement and increasing improvement over time in our sample of alcohol pharmacotherapy trials.
Additional treatment. Finally, provision of additional treatment, such as psychosocial treatment, in conjunction with a placebo administration in medication trials should increase placebo group improvement above that of placebo-only administration 11 . If the use of psychosocial treatment in pharmacotherapy trials has been increasing over time, it also could account for the trend of increasing placebo group improvement.
Current Study
Although the placebo response and placebo group improvement have been studied in The purpose of the current meta-analysis is to examine placebo group improvement in pharmacological treatments for alcohol use disorders. It is hypothesized that placebo control groups in such trials exhibit significant improvement from pre-to post-testing. We also determine the magnitude of the (presumed to be negative) relationship between placebo group improvement and medication-placebo between-group effect sizes on drinking-related outcomes.
A second hypothesis is that the magnitude of placebo group improvement has been increasing over time. In addition to publication year, we examine several other potential moderators of the magnitude of placebo group improvement, including trial location, number of placebo administrations, participant baseline severity, source of outcome data, and the provision of additional treatment in conjunction with placebo. To gauge whether these moderator variables account for any increase in the placebo response over time, their relationships to year of publication and the extent to which they account for any relationship of publication year to placebo response are examined.
Methods

Literature Search
Randomized controlled trials (RCTs) of pharmacotherapy for alcohol dependence were identified through multiple searches of PubMed and PsycINFO conducted at different points over the past decade, reflecting the intermittent availability of funds and resources. We used search terms for various medications (e.g., "naltrexone"), terms for alcohol problems and dependence (e.g., "alcohol*," "problem drinking") and terms for randomized controlled trials (e.g., For example, in one search on PubMed, we used the term "alcoholism," terms for pharmacotherapy ("pharmacotherapy OR drug treatment OR drug therapy") and terms for randomized controlled trial ("randomized controlled OR randomized clinical OR randomized trial* OR controlled trial OR clinical trial OR placebo OR double-blind method"), with limits for "Human subjects" and reports in the "English language" (we did not have the resources to translate reports in other languages). This search yielded 1,602 potential research reports. Based on examination of abstracts and full text versions of these reports, 1,184 were identified as not relevant (e.g., qualitative studies, reviews). Of the remaining articles, 215 were rejected based on our inclusion criteria (e.g., open-label trial), 138 articles met the inclusion criteria, and 65 articles were duplicate publications for studies already in the dataset (e.g., secondary analysis).
In addition to the database searches, we consulted the reference sections from the reports of the included studies and from previously published reviews of this literature. Across these search strategies, a total of 161 studies met our inclusion criteria. For the present analysis, trials were excluded if the report contained no data on baseline scores on the outcome variable, or no significance tests on within-group pre-to post-test change, or no narrative information on pre-to post-test change (k = 114). The remaining 47 studies constituted the data set for this metaanalysis. Some of the medications examined were naltrexone, acamprosate, sertraline, and topiramate (a list of the 47 trials is available from the first author).
Moderator Coding
Moderator variables in meta-analyses are study characteristics that may explain some or all of the between-study variability in effect sizes (ESs). Several categorical and continuous moderators were coded and are discussed below. Each moderator was double-coded and consensus was reached between the coders and the project coordinator (NM).
• Publication year (k=47) was coded as a continuous variable and indicates the year of study publication.
• Trial location (k= 47) was based on the country location where the trial was conducted (USA=1, Other=0).
• Outcome data source/type (k= 68) was coded into three categories: (1) highly subjective measure (k=17), (2) moderately subjective measure (k=36), or (3) objective measure (k=15). Highly subjective outcome measures were self-reports that assessed participants'
internal experiences (e.g., craving for alcohol). Moderately subjective outcomes were self-reports of alcohol-related behaviors (e.g., frequency and quantity of alcohol use).
Objective measures were physiological markers of alcohol consumption.
• Number of placebo administrations per day (k=36) was coded as a continuous variable signifying the total number of placebo administrations that participants received each day (e.g., the number of times during the day that the participant was supposed to take a pill).
Eleven studies did not report any data for this variable, limiting the number of studies reporting this moderator to k=36. When placebo medications were administered on a time interval other than daily administrations (e.g., weekly), those values were divided appropriately to obtain a daily estimate.
• Severity of illness (k=46) was coded into three categorical levels: (1) non-clinical problem drinkers (e.g., drinkers with clear alcohol-related problems, but not dependent), (2) clinical problem drinkers (e.g., dependent on alcohol, but not severely dependent), and (3) severely-impaired dependent drinkers. This coding scheme was based on the severity codes for the "mesa grande" review by Miller and Wilbourne 21 in which coders rated severity on a 5-point scale. However, participant severity in all the studies in the current review fell into one of the three categories above. Only one study was of "non-clinical problem drinkers," so it was dropped from all analyses containing this moderator variable.
Therefore, the final severity of illness moderator had only two factor levels: Clinical problem drinkers and severely-impaired dependent drinkers.
• Additional treatment (k=47) was coded as a dichotomous variable: (0) placebo only, (1) placebo plus psychosocial treatment. Coders determined if one or more psychosocial intervention(s) were provided to placebo group (and medication) participants in conjunction with the medication trial (yes/no). The psychosocial interventions included medication management 22 , supportive counseling, twelve-step facilitation, and cognitivebehavioral therapy, among others.
Calculation of Effect Sizes
The ES metric for this meta-analysis was Hedges' 23 g. To compute g, we first calculated 
where and are the mean scores on the dependent variable at post-and pre-treatment, respectively, and is the standard deviation pre-treatment. Scores on "negative outcomes," 
where n is the group size and r is the correlation between pre-and post-scores. Because r generally was not reported, we assumed a pre-post correlation of r = .5 for all studies, after conducting sensitivity analyses with a range or correlation values between r = .3 to r =.7, none of which influenced the results to any substantial degree. We then used the procedure recommended by Hedges 25 to correct both d and V d for small sample bias, giving us g and V g .
Effect sizes for studies not reporting means and standard deviations.
The majority of studies we analyzed reported pre-and post-test means and standard deviations (k = 41) for the placebo group, which allowed us to compute ESs using the formulae in Equations 1 and 2. For studies not reporting these values, ESs typically were computed from t or F statistics for pre-post change, using the R statistical software package 'compute.es' 26 . One study (Chick et al. 27 ) reported non-significant findings, but no statistics that would allow computation of g. We entered g = 0 in this case. Finally, four studies reported significant improvement, but no statistic that would allow one to compute an ES. For these studies, we made the conservative assumption that p=.05 and computed the corresponding value of g. Dependent effect sizes. For each drinking-related outcome reported in the original source, one baseline to end-of-treatment Hedges' g ES was computed. If multiple outcomes were reported, the ESs within studies were aggregated to obtain one ES for each independent sample.
Accounting for the within-study correlation among ESs is a recommended 28, 29 but rarely utilized practice in meta-analytic research, due to lack of reporting of relevant data in the primary studies, software limitations and/or computational complexity. However, if it is not done, the
consequence is meta-analytic results with such "inferior statistical properties" 30(p20) as biased point estimates and overestimated variance of the summary ES.
Although availability of all between-measure correlations within each study would be ideal, an imputation procedure for missing values is recommended when correlations are not available 30 . Such imputation has been utilized in several meta-analyses [31] [32] [33] and was also used in this meta-analysis, given that the correlations among the outcome measures in the primary studies were not reported. To determine the imputation value, a sensitivity analyses used several values ranging from r=.3 to r=.7. The imputed ES values did not significantly differ from one another and resulted in inconsequential differences in the findings of omnibus and moderator analyses.
Therefore, an imputed value of r=.5 was used, as has been the case in other meta-analyses, although the correlations in those studies were among within-study, between-group ESs, rather than within-group, pre-post ESs (for details on this procedure see 29, 34, 35 ). The R statistical software package 'MAd' 36 was used to conduct this aggregation and to carry out several additional analyses.
When comparing across different outcome data sources/types, we used a multivariate approach. Whereas all other moderators (e.g., publication year) had only one value per study, some studies used more than one source/type of outcome data. For example, Guardia et al 37 and
Balldin et al. 38 reported two and three sources/types of outcome data, respectively. For studies having outcomes assessed by more than one data source/type, treating them as providing independent data is not justifiable. Therefore, a multivariate procedure that accounts for correlated variables was used. This procedure is discussed in more depth in the Statistical Analysis section below.
Statistical Analyses
A random effects restricted maximum-likelihood estimator was generated in both univariate 39 and multivariate analyses 15 , which assumes that the studies in a meta-analysis were randomly sampled from a population of studies. All analyses were conducted using R statistical software packages -univariate methods with the 'MAd' 36 package, multivariate meta-analytic methods with the 'mvmeta' 40 package, and meta-analytic diagnostics (tests for outliers and influential cases) with the 'metafor' 39 package.
Univariate models. The first random-effects univariate analysis involved an unconditional (i.e., omnibus) model (not conditioned on study level variables, i.e., moderators), as follows:
where µ is the average true pre-post change and � * = � + � , where the variance of the withinstudy errors � is known and the between-study errors are unknown and estimated from the studies included in the analysis. Homogeneity was tested with the Q-statistic and indexed as a percentage of variance in study findings due to true differences with the I 2 -statistic 25, 41 . Q has an approximate χ 2 distribution with k -1 degrees of freedom, where k is the number of studies aggregated. Q-values of above the critical value result in rejection of the null hypothesis of homogeneity.
A conditional model was then used to examine the effects of each moderator variable individually, prior to implementing multipredictor models. For example, publication year moderator (Year) was entered in a meta-regression model as follows:
where γ 0 is the expected placebo group improvement for a study when the moderator is zero, centered at the grand mean or centered in another way. For these analyses, Year was centered based on the publication year for first available study in the dataset which was 1985, so γ 1 is the 2 τ * j v expected difference in effect size per a unit change of the moderator (i.e., a change from 1985 to 1986 and so on). If a moderator variable accounts for some of the variability in study effects, the fixed effect γ 1 will be significantly different than zero (p-value < .05) and the variance, , will be reduced. Remaining heterogeneity in these moderator analysis models also was assessed.
Similarly, when several potentially relevant moderators were included in a univariate multi-predictor meta-regression, the formula yields Multivariate models. The outcome data source/type moderator could not be aggregated further without losing relevant information and resulting in a dependent dataset (i.e., more than one ES per study). Univariate methods are statistically inappropriate for dependent datasets as they assume independence of within-study ESs, which realistically are correlated and not independent. Therefore, we examined outcome data source/type (highly subjective vs. moderately subjective vs. objective outcome measures) as a moderator using multivariate meta-analytic v j * * j v methods 40 which yield estimates that account for covariance between within-study ESs.
Therefore, they do not violate the statistical assumption of independence. Computational details on the multivariate meta-analysis approach can be found in Jackson, Riley, and White 42 .
Results
Prior to conducting the main omnibus and moderator analyses, preliminary diagnostics were run to identify outlier studies. We first examined the distribution of the ESs. One study's effect size 43 deviated substantially from the others in the distribution of placebo group ESs (indicating that two percent of this sample was outliers). Whereas the remaining 46 ESs ranged from g = 0.0 to g = 2.27, this study's g = 3.04. However, based on sampling theory, five percent of a distribution is expected to be outliers (i.e., beyond the 95% tails of the distribution). This expectation, coupled with this study's ES not being an extreme outlier, led us to include the study in all analyses.
In addition, for the omnibus and final multipredictor models, we examined standardized residuals for each study as recommended by Hedges and Olkin 25 (pp. 258-259) to identify ESs that are not well accounted for by a given model (i.e., studies that may have exerted undue influence on estimates of model coefficients). In most analyses, none of these standardized residuals (scaled as z scores) exceeded an absolute value of 2, suggesting no outliers or highly influential studies. In the few cases where the residuals exceeded an absolute value of 2, we tested and compared the models including and excluding the extreme residuals. In all cases, the significance of moderators did not change and model coefficient values were minimally impacted.
Unconditional model. The overall effect of the unconditional (omnibus) model analysis (k=47) was g + = .899 (95% CI = .704, 1.09), indicating there was a "large" (based on Cohen's interpretive guidelines; 1988) and significant placebo group improvement from pre-to posttesting. In other words, the average end-of-treatment outcome score for the placebo group was nearly a full standard deviation higher than the average baseline score. In addition, the correlation between placebo group improvement and mean differences between medication and placebo (Hedges' g between medication and placebo group means at post-test ) was negative, as expected (r = -.201). This correlation is relatively small, but it indicates that larger placebo group improvements are modestly related to smaller detectable post-test mean differences between medication and placebo groups.
Although placebo group improvement was significant in the omnibus model, there was a large degree of heterogeneity in effect sizes (Q = 541.62, p < .0001; I 2 = 91%; see "Intercept only" row in Table 3 for details). Therefore, we conducted moderator analyses to determine if one or more study characteristics could explain the variability in placebo group improvement.
Prior to running single and multi-predictor meta-regressions, we examined the correlations between moderators, using Pearson's r for continuous variables, a Point-biserial r for relationships between a dichotomous and a continuous variable, and Phi r for relationships between two dichotomous variables (see Table 3 ). None of the other moderators was significantly related to year of publication. Only the relationship between number of administrations and trial location was statistically significant, indicating that studies conducted outside of the USA typically had fewer placebo administrations.
Single-moderator analyses. Results of the single-predictor moderator analyses are presented in Table 4 (univariate models) and Table 5 (multivariate models for outcome data source/type). As seen in Table 4 , the effect of year of publication was significant and in the expected direction (larger placebo group improvement in more recently published trials). In contrast, location of the trial, frequency of placebo administration, severity of participants' illness, and provision of psychosocial treatment in addition to placebo did not moderate (explain) pre-to-post changes in the placebo group in single-moderator analyses. As seen in Table 5 , improvement given each outcome data source/type was significantly larger than zero (highly subjective y 0= 0.770 , moderately subjective y 0= 1.312. objective y 0= 0.599). However, when comparing outcomes using a Wald test based on a standard normal distribution (not shown in Table 5 ), the significant effect of outcome data source/type indicated that improvement on moderately subjective outcomes was significantly larger than that on subjective outcomes (p=0.002), but improvement on subjective outcomes was not significantly different than that on objective outcomes (p=0.115).
Multiple-moderator analysis. All moderators (except the multivariate outcome data source/type) were entered simultaneously as predictors of effect size in a multiple moderator meta-regression. As shown in Table 6 , the multiple moderator model explained significant 
Discussion
This random-effects meta-analysis examined placebo group improvement in pharmacological treatment trials for alcohol use disorders. Each of the findings will be discussed as they relate to the literature and theory of the placebo response and placebo group improvements.
Placebo group improvement and increases over time. Similar to previous studies 3, 16 and extending to pharmacotherapy trials of alcohol use disorders, this meta-analysis found, as hypothesized, significant placebo group improvement from a baseline assessment to the end of treatment. As would be expected, greater placebo group improvement was associated with smaller medication versus placebo effects at the end of treatment, suggesting that placebo group improvement may be responsible for some, but not a major portion, of the perceived reduction in medication effects over time 8 , as the magnitude of this relationship was modest. Further, placebo group improvement in alcohol pharmacotherapy trials has gotten stronger over time (i.e., more recent studies showed more placebo group improvement), and this effect persisted even after controlling for several additional moderators.
Marketing exposure. It was hypothesized that the moderator of escalating marketing exposure (i.e., increasing exposure to advertisements espousing the efficacy of pharmacotherapy), due to the U. S. FDA amendment to its direct-to-consumer advertising in 1997, is responsible for increasing placebo group improvements over time. Although our indicator of media exposure, trial location, showed a trend in the expected direction, the moderator test proved non-significant. Therefore, although the marketing exposure idea is compelling, our operationalization of it failed to explain why placebo group improvement has been increasing over time. This finding is in contrast to both the findings of Kemp et al. 16 and our hypothesis. We cannot rule out the possibility that a more sensitive indicator of actual marketing exposure in all of the countries in which alcohol medication trials have been conducted would account for increasing placebo group improvement in the trials that were reviewed. Further, we recognize there could be confounds with the trial location moderator. Specifically, direct marketing for alcohol medications in the USA is virtually nonexistent and there may be stigma associated with treating alcohol dependence with another drug (e.g., Naltrexone). Previous research has shown that both patient and provider attitudes about pharmacotherapy for alcohol use disorders are conflicted, particularly about the possibility of "trading one addiction for another" 44(p287) . This perception, although not tested empirically, could attenuate placebo group changes in American trials, resulting in an overall reduction in detecting ES differences between countries (e.g., USA vs. Other countries).
Outcome data source/type. Outcomes involving self-reports of internal states rather than behavior were expected to be influenced more by individuals' hope, beliefs and expectations than outcomes assessed by more objective means, but this hypothesis was not supported. Although placebo group improvement was significantly greater than zero for outcomes with all sources/types of data, improvement on moderately subjective outcomes (i.e., self-reports of drinking behavior) was significantly larger than that on subjective outcomes (i.e., self-report of the internal state of alcohol craving), but improvement on subjective outcomes was not significantly different than that on objectively assessed outcomes (i.e., physiological markers).
This finding is in contrast to at least some findings from previous research and to our hypothesis that highly subjective outcomes would exhibit larger effects than other sources. The difference in our results relative to previous findings may be accounted for by the specific types of outcome variables examined in alcohol treatment trials. It seems possible that persons in treatment may reduce or eliminate the behavior of alcohol consumption but still have craving for alcohol over an extended period, accounting for why less improvement may have been found on self-reported craving relative to self-reported drinking behavior outcomes. Assuming this is the case, investigators mounting pharmacotherapy trials might consider using additional outcome types and data sources in conjunction with behavioral self-reports of alcohol use. Presumably, outcomes that are less sensitive to the placebo group changes (but still responsive to medication)
would yield stronger medication effects. Limitations. A primary limitation of our review is that we only examined placebo group improvements and not the specific placebo response (or placebo effect). Placebo group improvement includes the placebo response, but also several other factors, such as regression to the mean due to measurement error and fluctuations in symptoms over time, with selection into trials typically at a point when symptoms are especially severe. To examine the specific placebo response requires comparing changes in a placebo group to changes in a no-treatment control group. This was not feasible, as only a small proportion of studies included a no-treatment control condition, which would have limited statistical power to detect effects along with limiting the generalizability of findings. Another limitation is that less than a third of the otherwise relevant alcohol pharmacotherapy trials provided sufficient information on placebo group improvement.
It is not known to what extent the findings on the subset of studies would generalize to the entire set. Finally, we examined placebo group response at the study level. Factors other than the moderators examined here may account for at least some of the variation in the improvement of placebo group members within studies.
Future research. Future reviews should investigate the placebo response in isolation from placebo group improvement by examining differences between placebo and no-treatment groups.
This will be possible when there are a sufficient number of primary studies that include a notreatment control group along with a medication and placebo group. However, even with a limited number of studies reporting either placebo or no-treatment group findings, future syntheses should consider using network meta-analysis (or mixed-treatment meta-analysis; MTC)
to estimate the placebo response. MTC can be used to assess the comparative effectiveness of treatments among similar participant populations (e.g., participants with alcohol use disorders)
that have not been compared directly in a trial (typically an RCT). MTC combines data from all comparisons (direct and indirect) among a set of several treatments while accounting for (1) the possibility of bias in the indirect comparison and (2) the degree of agreement between direct and indirect comparisons from the data.
Conclusion
As hypothesized, this meta-analysis found significant placebo group improvement from a baseline assessment to the end of treatment in pharmacotherapy trials of alcohol use disorders. As expected, greater placebo group improvement was associated with smaller medication versus placebo effects at the end of treatment, suggesting that placebo group improvement may be responsible for some of the perceived reduction in medication effects over time (e.g., Feinn & Kranzler 8 ). Further, placebo group improvement in alcohol pharmacotherapy trials have become stronger over time (i.e., more recent studies showed greater placebo group improvement) and this effect persisted even after controlling for several other moderators. In addition, more placebo administrations and greater patient severity were associated with more placebo group improvement. Pharmacotherapy researchers may be able to use these results to more effectively isolate alcohol medication effects. Note. All studies were coded by two coders; k = number of studies in each category; Due to Severity of illness factor-level "Non-clinical problem drinkers" having only 1 study, it was dropped from all analyses. Note. k = number of studies providing information on each characteristic (total k = 47). (1985) . Number Admin is grand mean centered. Trial location is coded dichotomously where 1=USA and 0=Other. Additional Treat. is coded dichotomously where 0=No and 1=Yes. Severity of Illness is coded dichotomously where 0= Clinical problem drinkers and 1= Severely-impaired dep. drinkers. Univariate analyses used a mixed model (studies random, levels of moderator variables fixed); * = p-value < 0.05, k = number of studies, y 0 = intercept; y 1 = slope; z = z statistic for y 1 (except Intercept). The categorical moderator is tabulated separately. 
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